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The Effect of Molecular Structure on Optieal Properties of Sulfoxide Systems. 
Benzylsulfinylacetic Acids and Some of Their Derivatives. IV * 


Wpływ budowy cząsteczkowej na własności optyczne układów sulfotlenkowych. Kwasy 
benzyiosulfinylooctowe i niektóre ich pochodne. IV 


Влияние молекулярной структуры на оптические свойства сульфоокислых 
систем. Ьензилсульфинилуксусныє кислоты и некоторые их 
производные. ТУ 


The problem of the effect of position isomerism of certain 
substituents and functional groups in arene nuclei on optical 
properties of aromatic-aliphatic systems containing carbon and 
heteroatomic chirality centres has been studied in our labora- 
tory in the case of the group of compounds in which the asymm- 
etric atoms are bonded directly to the aromatic fragments of 
the molecules [1-7 ] The results prompted us to further studies 
on systems in which the chirality centres are separated from 
the arene fragments by methylene, and vinyl groups or hetero- 
atoms, In general, on the basia of the Czugajew [8] distance 
rule it could be expected that the optical effects would de- 
crease with increasing distance between the aromatic fragment 
bonded to the substituent and the chirality centre. The effect 


* The work was partly financed by the Polish Academy of 
Scienoes. 
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of the substituents should be transmitted much strongly by un- 
saturated groups and heteroatoms than by saturated carbon chains. 
The elucidation of optical relationships, particularly in the 
group of compounds containing heteroatomic chirality centres , 
which are not yet well known, could lead to very interesting 
conclusions. | 

We have started our studies by comparing the principal chi- 
ralooptical properties of isomeric bromophenyl-sulfinylacetic 
acids and their homologues in which the asymmetric sulfur atom 
was bonded to benzene ring via methylene group, i.e. isomeric 
bromobenzylcarboxymethylsulfoxides. 

In the case of bromoberzylsulfinylacetic acids we assumed 
unsubstituted benzylsulfinylacetic acid ad the reference system 
having the character of configurational standard as well as a 
standard for comparing the measured rotation values. We have ar- 
bitrarily assigned configuration D(+) to the dextrorotatory an- 
timer of this acid, which can be represented by the following 


spatial formula: 
o"? 


tie) 
D —CH,- 8 - CH, - COH 


We have accepted the Freudenberg shift rule and the struc- 
tures of ORD and CD spectra as the criteria of configurational 
comparison of benzylsulfinylacetic acids and their derivatives 
containing substituents in the arene nucleus. We have not yet 
completed our attempts aimed at the determination beyond any 
doubt of absolute spatial configurations of the configuration- 
al standards, 

In the present communication we are reporting the results 
of the experiments leading to the synthesis and the deter- 
mination of principal optical properties of enanticmeric benzyl- 
sulfinylacetic acids and their dextrorotatory amides and esters. 
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The starting material was known Г 9 | гасешіс bengylsulfi- 
nylacetio acid 2 which was obtainsd in ow laboratory in а goo? 
yield by oxidation of mercaptoacid 1 with 30% hydrogen peroxide 
in glacial acetic acid at room temperature. When an aqueous 80 
lation 5f sodium salt of mercaptoacid 1 was treated with ar ex- 
cess of the oxidizing agent at elevated temperature, a good 


yield of readily crystallizing sulfone 17 was obtained, the IR 
spectra confirming the structures of the two oxidation pro- 
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ducts are shown in the Experimental Part. Racemic acid 2 was 
characterized as its amide 4 and p-bromophenacyl 5, p-phenyl- 
phenacyl 6 and p-nitrobenzyl 7 esters. 

In our further studies we have resolved racemic acid 2 by 
crystallization of its diastereomeric salts with alkaloids. The 
neutral cinchonidine salt crystallizing from ethyl acetate was 
found to be the most suitable for the isolation of dextrorotatory 
enantiomer 9. After four crystallizations it was obtained in the 
form of a homogeneous substance n. p. 122°C 520 -20.0^ (etha- 
nol). Our search for an optically active base suitable for the 
isolation in front fractions of the second enantiomer, i.e. the 
laevorotatory acid, did not give positive results. This acid was 
obtained from the mother liquors remaining after the crystalli- 
zation of cinchonidine salt of the dextrorotatory acid. Cincho- 
nidine salt of the laevorotatory acid obtained from the mother 
liquors was purified by crystallization from ethyl acetate. The 
product had m. p. 1520, [4,329 wo (ethanol ). ‘he laevoro- 
tatory enantiomer ll isolated from this salt was identical with 
the dextrorotatory enantiomer 9, from which it differed only in 
the direction of rotation of polarized light (а. р. 145-146°C, 
with decompn. , [6 = -90.1° (ethanol). 

Crystallization of an equimolar mixture of the enantiomers 
gave racemic acid 2. The m. p. of racemate 2 was lower from that 
of the antimers (At = 19°C} The IR spectrum of racemic acid 2 was 
different in the "fingerprint region" from the spectra of enan- 
tiomers 9 and 11, which were identical, Pronounced differences 
were also observed in the carbonyl group stretching vibrations 
band; in the case of racemate 2 there м: only one sharp band at 
1700 om |, whereas in the case of the enantiomers there was a 
doublet with maxima at 1730 and 1740 om |. A similar cleavage of 
the carbonyl stretching band was observed by us in the case of 
2-naphthylsulfinylacetic[10] and 2-dibenzofurylsulfinylacetic 
acids[11] . The physical differences mentioned above — indicate 
that optically inactive acid 2 is а true racemate. 
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Optically active benzylsulfinylacetic acids 9 and 11 are 
very resistant to racemization in alkaline media but are readily 
racemized in organic solvents in the presence of concentrated 
hydrochloric acid. In our laboratory the racemization processes 
were studied using a mixture (2:1 v/v ) of dioxane and dilute 
(7:1 v/v, d= 1,15) hydrochloric acid as solvent [12]. In these 
conditions the racemization of optically active acids 9 an 11 
took place according to the kinetic equation for the first or- 
der reactions (к = 1 In — • The racemization constants (К), 
the activation enthalpies (AH")and the activation entropies 
(as*) calculated for four temperatures after averaging the kinet- 
ic measurements by the least squares method are shown in Table 1. 
The activation parameters of the racemization processes have been 
determined by the classical kinetic methods on the basis of 
the Eyring equation C13]. 


Table 1. Thermodynamic characterization of racemization of 
optically active benzylsulfinylacetic acids 


Racemization Racemization Activation Activation. 
temperature constants 1 | еп ору enthalpy(^H 
00 K x 102 se Asen. К cal/mole 


t+ 1717 


= 
Е 
2 
х 
- 


1+ 1+ 


19.78 2 0.04 


The activation energy (Ea) and the preexponential factor 
(А k.) have been determined from the empirical Arrhenius 

max ~Ea/RT 
equation: (К = Ave „ Ea = 20.38 Kcal/mole, А = 3.089 x 10 
se). The negative values of “the activation entropy (as* (o) 
indicate that in the transition state of the racemization pro- 
cess additive compounds or intermediate compounds, previously 
proposed for arylalkylsulfoxides by German [14-16 ] and American 


(12-17 Jauthors, are formed. 
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In order to obtain a larger comparable material for chi- 
ralooptical studies we have prepared the following derivatives 
of dextrorotatory acid 9: amide 13, p-bromophenacyl ester 14, 
p-phenylphenacyl ester 15 and p-nitrobenzyl ester 16. The 
syntheses of these compounds were first elaborated for the op- 
tically inactive material. It can be assumed that the mild con- 
ditions in which the reactions were carried out did not cause 
racemization at the asymmetric sulfur atom. The molar rotations 
of dextrorotatory acid 11 were determined in Perkin-Elmer spec- 
tropolarimeter 241-MC in the region 340< A< 623 mm and those 
of amide 13 and esters 14, 15 and 16 in the previously describ- 
ed apparatus (18 а wave lengths shown in the table, using 
methanol M , ethanol (E), acetone (A), dioxane (D) and chlo- 
roform (Ch) as solvents. 

The results are shown in Tables 2а and 2b, Comparison of 
numerical values shown in these Tables indicates that the na- 
ture of solvent has & considerable effect on the value of molar 
rotation, In the visible part of the spectrum the effects of 
the solvents can be arranged in the following order according 
to decreasing numerical values of molar rotation: &) for free 
acid 11: B)M)A)D)Chs b) for acid amide 13: E) A) M» D) Ch; 
c) for p-bromophenacyl ester 14 and p-phenylphenacyl ester 15: 

EY AY A) enz d) for p-nitrobenzyl ester 16: M)E)D)Ch . The 
deoreases of the numerical value of molar rotation accompanying 
the change of solvents in the order given by the above sequences 
are moderate, Only in the case of free acid 11, its amide 13 
and esters 14, 15 and 16 in dioxane and chloroform the change 

is very pronounced, It should be stressed that free acid 11, 
amide 13 and p-nitrobenzyl ester 16 in chloroform (ester 16 al- 
so in dioxane ) change the direction of rotation of the plane 
of polarized light. 

Analysis of the numerical data collected in Tables 2a and 
2b shows that the curves representing function i (22) in the 
region 4402Х<623 for dextrorotatory acid 9 and its deriva- 
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tives 13, 14, 15 and 16 are almost straight lines, which leads to 
the conclusion that the optical rotatory dispersion of the exam- 
ined compounds in the visible part of the spectrum has the char- 
acter of normal dispersion, It should be stressed that in the re~ 
gion 440 < À< 623 the molar rotations of dextrorotatory acid 9 are 
considerably higher in all the solvents used in the measurements 
than those of its p-nitrobenzyl ester 16 and considerably lower 
than those of its p-bromophenacyl ester 14 and phenylphenacyl 
ester 15. i 

In order to determine exactly the analysed optical proper- 
ties of benzylsulfinylacetic acids we have calculated, on the 
basis of the data collected in Table 2a, functions CM] (A) for 
dextrorotatory enantiomer 9 in four solvents. These functions 
have the character of the following two-term equations": 


a) in methanol: 


С 20 _ 294 x 10° _ 258 x 106 
4 A? - (225.0)? 22. (211.0)? 
b) in ethanol: 
б mag 10° 


а АР (223.4) ч 4 (208.6)? 


c) in acetone: 


[x] 20 - 244 x 10° i 219 x 10$ 
$ A- (224.6)? 22. (209.4)? 
d) in dioxane: ee 6 1131: $3 3 6 
121 х 10 __ 2 
[x29 = х 10 х 10 


A2. (226.4)? 2 (213.8)? 
The values of molar rotations calculated by means of the 
above equations are shown in brackets in Table 2a. The agreement 


* The equations were derived by the least squares method 
using the algorithm of coupled gradients for finding the 


function of many variables (computer ODRA-1013). 
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between the calculated values and those determined experimental- 
ly is fairly good. Functions [MJ(A)describing in the reclangular- 
system of coordinates (Л is the independent variable ) the optical 
properties of dextrorotatory benzylsulfinylacetic acid do not 
change the sign and each of them has one negative maximum with- 
in the limits Ag SAA, Their asymptotes are the A axis and 
the straight lines perpendicular to it at points A, and N- 

In order to confirm the validity of the above equations we 
have determined the circular dichroism (CD) and the (UV)spec- 
trum (uv) of laevorotetory enantiomer 11 in methanol in the 
region 200 <A < 300 nm. 

The circular dichroism curve (Fig. 1) shows at A= 211 mm 
a weak positive maximum өз, = +8218 and at Л = 225 nm а 
strong negative maximum qu = -46682.6). The electronic spec- 
trum shows in the examined region & very strong adsorption band 
at Л =218 m (tg 10666.46). The non-symmetrio shape of this 
band indicates thet it was formed as a result of overlap of two 
bands situated in this region close to one another, It is signif- 
icant that the wave lengths of the characteristic points on the 
circuler dichroism curve (Ө I) and the dispersion constants in 
the two-term equation determining function ГМ (А) have exactly 
the same values. 

Analysis of the results of optical measurements leads to 
the conclusion that the leevorotatory benzylsulfinylacetic acid 
shows in the examined spectral range one negative and one posie 
tive Cotton effect situated in the region A =225 and 211 nm. 

Studies on optical effects caused by reconstructions of 
chiral systems are justifiable in the range of A values where 
the dispersion of optical rotation has the character of normal 
dispersion, The compared systems should also have identical spa- 
tial configurations, We have not yet unambiguously determined the 
spatial configuration of optically active benzylsulfinylacetic 
acids. In the comparison of their molar rotations with those of 
optically active phenylsulfinylacetic acids we had to use only 
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Pig. 1. Optical rotatory dispersion (ORD) of dextrorotatory 
benzylsulfinylacetio acid and circular dichroism (CD) as well 


as UV spectrum (Uv) of laevorotatory rar acid 


ORD + (c= 0.007 g/100 cem, d = 0.1 don) pk. ГМ озб: m." 


= + 22091.8° (K 40.078) $ z Cue > -o. o 0.0009) in 
96% ethanol. . 
CD : (с = 040005019 mole/dcm^, à = 0.1 cm) а = 


- 46682,6 $ ДА = 710 x 1076 + (8), ди = + 8218.7 3 
ДА = 125 x 1076 (in methanol). 


UY : (с = 0.0000504 mole/ücm, à = 1 cm) C218 да 
= 10666.46 (А = 0.55759) (in methanol). 
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the absolute values, The comparison of the absolute mumerical 
values of molar rotations (determined in solvents not causing the 
change of direction of rotation of polarized light plane) leads to 
the conclusion that the rotations of benzylsulfinylacetic acids 
are much lower than those of phenylsulfoxyacetic acids, The re- 
lative per cent decreases (s AR oa) [1] vary from 50% to 90% 
according to the character of the solvent. 

We have observed similar optical rules in the case of 1- anà 
2-n&phthylmethylsulfinylacetic acids 19, 20 which had been com 
pared with 1- and 2—naphthylsulfinylpropionic acids, 

The observed decrease of molar rotations accompanying the 
reconstruction of the systems could be due to the decrease of the 
interaction of free JU electrons of the arene nucleus with the 
sulfinylio chirality centre. It is not improbable that in the case 


of systems in which the chirality centres are situated in the ali- 
phatic chain further from the arene nucleus, the effect of 


substituents having strong mesomeric effects on molar rotation 
is smaller, 


EXPERIMENTAL PART 


The melting points are uncorrected. The polarimetric meas- 
urements were carried out in the previously described apparatus 
[18] and in Perkin-Klmer 241-MC spectropolarimeter in the sol- 
vents listed in the text. The IR and UV spectra were determined 
by means of SP-200 and SP-700 speotrophotometers, The ORD spec- 
tra were obtained in JASCO (ORD/cD/Uv/5 ) apparatus and the CD 
spectra in Rouseel-Jouen III dichrograph, The IR spectra were 
obtained for suspensions of the examined compounds in paraffin 
oil and for their solutions in the solvents listed in the text. 


1. Benzylthioglycolic acid 1 


63 g of benzyl chloride in 350 com of 96% ethanol was in- 
troduced to a solution of 40.5 g thioglycolic acid in 400 com of 
15% NaOH cooled with ice water, The mixture was stirred at room 
temperature for 20 min and was refluxed on water bath for 1 br. Then 
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it was allowed to stand at room temperature for 12 hrs and af- 
ter cooling to o it was acidified to Congo with dilute (1:1 
v/v) hydrochloric acid, A fine crystalline precipitate sepa- 
rated, It was filtered off (40 g) and after weshing with water 
and drying ina vacuum desiccator over Caci, it wes crystal 
lized from petroleum ether (750 сеш). Rods, m, р. 61-620 
(15793 m. p. 60-6190). Yield 32 в. The compound is reedily sol- 
uble in the commonly used organic solvents and is fairly зо1- 
uble in petroleum ether: 

IR (en): 680 _ Уб-8р 690, 760, 1070, 1130, 1150 5G, -H 
(subst. 1), 1458, 1500, 1570, 1600 VO, mA P 940 & ОН; 1220, 
1515, 1410 ОН and Ve-; 1690 VC=0 (COOH). 


2. Racemic benzylsulfinylacetic acid 2 


9.1 g of acid 1 was dissolved in 400 com of acetone. The 
solution was treated with 5.5 com of 50% H,O, and was allowed 
to stand at room temperature until the time when all the sol- 
vent evaporated. The dry residue (9.2 g)was crystallized from a 
mixture of benzene (250 com) and methanol (22 com). Needles, mp. 
126-127°C (14t. 99 m. p. 126-127°0). Yield 6 в. The compound is 
readily soluble in acetone, methanol and 96% ethanol and is spar 
ingly soluble in petroleum,ether and benzene, 

IR (eng) : 680 Vo-s; 690, 750, 1065, 1118, 1150 50, =H 
(subst, 1) 3 1460, 1570, 1580, 1605 VC, ба 985 VS=05 
920 60H; 1230, 1510, 1458 H and y0-0; 1700 VC=0 
(соон). 


3. Amide of racemic benzylsulfinylacetic acid 4 


A solution of diazomethane in ether (prepared from 1.1 g 
of N,K-nitrosomethylurea)[ 21] was added dropwise with stirring 
to a solution of 4 g of racemic acid 2 in 70 ccm of methanol 
cooled externally with ice water until a permanent coloration 
of the liquid appeared. At the end of the vigorous esteri- 
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fication reaction, the ethereal solution was washed with 2% ансо, 
(2 х 20 com) and then with water (2 х 30 ccm), The solvent was 
removed by distillation under reduced pressure (12 mm Hg, water 
bath), The oily light yellow residue was suspended in 50 com of 
cone. ammonia (4 = 0,88) and was mechanically shaken for 2.5 h at 
room temperature, A fine crystalline precipitate separated, It 
was filtered (4 g) and, af ter drying іп a vacuum desiccator over 
cono, H,S0,, it was crystallized from ethyl acetate (25 com). 
Fine S ACA m. pe 178? С with decompn, Yield 3 g. The amide is 
readily soluble in chloroform, fairly soluble in acetone and 96% 
ethanol and insoluble in petroleum ether, 
Analysis: 
For the formula CoH, ,NO,S (197.27): 
calculated: 7.10% N; 
found: 6.95% N. 


4. p-Bromophenacyl ester of racemic benzylsulf inylacet 10 acid 5 


2 g (0.01 mole) of powdered racemic acid 2 was added to 
a solution of 0.4 g (0.01 mole ) of NaOH in 10 com of water. 
Then 2 g (0.007 mole) of р-рһерасу1 bromide and 35 ccm of 96% 
ethanol were added, The mixture was refluxed for 1 h on water 
bath, A fine crystalline precipitate separated. It was filtered 
and was dissolved in chloroform(30 com) The solution was washed 
with 5% Na, CO, solution (1 x 30 cem) and then with water 
(2 x 10 cem) and was dried with anhydrous MgSO,. Finally it was 
treated with petroleum ether (80 com), A fine crystalline pre- 
cipitate soon separated. It was filtered (2.0 g) and was crys- 
tallized from ethyl acetate (70 com). Colourless needles 
Me De 168°C with decompn, Yield 1.6 g. The ester is readily sol- 
uble in chloroform, fairly soluble in acetone and 96$ ethanol 
and insoluble in petroleum ether, 


Analysis: 
For the formula: C, 18] 870, 5 (395.27) 1 


calculated: 51.66% C, 3.82% H; 
found: 51.86% C, 3.96% H. 
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5. p-Phenylphenacyl ester of racemic benzylsulfinylacetic 
acid 5 
28g (0.011 mole) of racemic acid 2 was added toa solu- 
tion of O.4 g (0.01 mole) of NaOH in 10 ccm of water, Then 2 g 
(0.007 mole) of p-phenylphenacyl bromide and 35 com of 96% 
ethanol were added, The mixture was refluxed for 1 hr. on water 
bath, A fine crystalline precipitate separated, It was filtered 
(2.7 g) and was dissolysd in chloroform (40 cen). The solution 
wes washed with 5% Ne oo, solution (2 x 20 com) and then with 
water (2 x 20 oom) and was dried with anhydrous MgSO. Finally · 
it was treated with petroleum ether (120 com), A fine crystal- 
line precipitate soon separated. It was filtered (2.3)e and was 
erystallized from ethyl acetate (40 com), Colourless plates m, p. 
168° C with аесошри. Yield 1.6 g. The ester is readily 
soluble in chloroform, fairly soluble in acetone and 96% ethanol 
ami insoluble in petroleum ether. 
Analysis: 
, For the formule: 0 82045 | 492,47 - 
calculated: 70. 38 & С, 5.13 % Hy 
found: 70.60% C, 4.89 & Н. 


6. p-Nitrobenzyl ester of racemic benzylsulfinylacetic 
acid 7 

3 g of racemic acid 2 was suspended in 15 ccm of water and 
was nevirelized to phenolphthalein with 3% NaOH. The solution 
was heated to LIF 4 Е of p-nitrobenzyl bromide in 45 ccm of 96% 
ethanol was added and the mixture was refluxed for 2 hrs. on ма- 
ter bath, Then it was filtered while still hot and was allowed 
to stand at room temperature. A light yellow oil separated and 
вооп crystallized, It was filtered (2.9 =) and,after washing 
with water, it was dried in a vacuum desiccator over anhydrous 
Caci, and was crystallized from a mixture of methanol (70 com) 
and petroleum ether (55 сеш ). Plates m. p. 111-1129. Yielà 1,92. 
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The ester is readily soluble in chloroform, acetone and methanol, 
fairly soluble in benzene and carbon tetrachloride and — Y 
soluble in petroleum ether. 


Analysis: 
For the formule: C,H, NO,S (333.36) : 
calculated: 4.20% N; 
found: 4.19% N. 


7. Cinchonidine salt о? dextrorotatory benzylsulfinylacetic 
acid 8 


19,8 g (0.1 mole) of powdered racemic acid 2 was mixed with 
29.4 g (0.1 mole) of cinchonidine and was ‘dissolved in 350 com 
of boiling ethyl acetate, The solution was filtered and was al- 
lowed to crystallize at room temperature, The first fraction 
of the salt was filtered after 24 hre. Needles m. р. 109 9с feb 

= -72.0° (о = 0.25, à 4, K = -0.72) in 96% ethanol. After 
three crystallizations the salt had physical properties which 
were not changing during further purification, Needles m, p. 122% 
[A Pn -20.0° (c = 0.25, d 4, K = -0.20) in 96% ethanol. 
Yield 11 g. The salt of the dextrorotatory enantiomer is readily 
soluble in benzene, chloroform and 96% ethanol and is insoluble 
in petroleum ether. 
Analysis: 
For the formula: 0 9H, 08 (492.64) 5 
| calculated: 5.60% N; 
found: 5.94% N. 


8. Dextrorotatory benzylsulfinylacetic acid 9 


10 g (0.02 mole) of powdered salt 8 (n. p. 122 0, AP? = 
= -20.0 8) was suspended in 40 ссш of water and was acidified 
with 10 com (0.05 mole) of 18% hydrochloric acid. The mixture 
was stirred for 2 hrs at room temperature. Free acid 9 precip- 
itated. It was mixed with 50 com of water and the pH was ad- 
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Table 3. Fractional crystallization of cinchonidine salt of 
dextrorotatory benzylsulfinylacetic acid (crystallization 
time 24 hrs.) 


Fraction Volume of 
No. ethyl acetate salt 


(com ) (g) 


justed to 10 with 20$ NaOH, The solution of the sodium salt was 
extracted with chloroform (5 x 50 com). Chloroform dissolved in 
the aqueous layer was removed by distillation under reduced pres- 


teure (12 mm Hg, water bath at 40°) „ The remaining aqueous solu- 
tion was acidified to Congo with 15% hydrochloric acid, A fine 
crystalline precipitate separated immediately, It was filtered 
(4 g) and efter washing with water (2 x 20 com) it was dried in 
a vacuum desiccator over anhydrous 0012 The crude acid (4 Е, 
me pe 145°C, [Kb Om +89.0°) was crystallized from ethyl acetate 
(15 com), Lerge blocks m.p. 146° with decompn. Ko. 489,5? 
(с = 0.25, à = 4, A= 40.895?) in 96% ethanol, Yield 3 g. The 
dextrorotatory enantiomer is readily soluble in chloroform, fair- 
ly soluble in acetone and 96% ethanol and insoluble in pe- 
troleum ether, 

Analysis: 

Por the formula: C,H, 00,5 (198.26) : 


calculated: 54.52% C, 5.08% H; 
found: 54.26% C, 5.29% H. 
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IR (еш”'): 670 6-5; 700, 770, 1080, 1120, 1150 601 -н 
(subst. 1), 1460, 1520, 1610, VG, - $ 1020 VS=0; 920 
806; 1250, 1310, 1458 80H and VC-0; 1730, 1740 VC=0(C00H). 


9, Cinchonidine salt of laevorotatory benzylsulfinylacetic 
acid 10 


The mother liquors remaining af ber the filtration of the 
first fraction of cinchonidine salt of dextrorotatory acid 9 
were evaporated under reduced pressure (12 шш Hg, water bath at 
40%) to 160 com and were allowed to stand at room temperature. 
They were soon filled with a fine crystalline precipitate. It 
was filtered after 24 hrs, The salt (12 g) had the form of fine 
needles n. p. 15190, [AP = -138.0° (o = 0.25, а = 4,h=1,389 
in 96% ethanol. On recrystallization from boiling ethyl acetate 
(90 cem) it appeared in the form of reguler needles (8 g) m. p. 
152°C, LX -143.0° (с = 0.25, à 4, K 1.430 im 96% 
ethanol, Its physical properties remained unchanged by further 
purification. The salt is readily soluble in benzene, chloro- 
form and 96% ethanol, fairly soluble in ethyl acetate and in- 
soluble in petroleum ether, 

Analysis: ; 
For the formula: C H o ns (492.62) : 

calculated: 5.69% N; 
found: 5.97% N. 


10. Laevorotatory benzylsulfinylacetic acid 11 


5 g (0.01 mole) of powdered cinchonidine salt 10 (m. p. 
152°o [A= -143.0°) was converted into the free acid as in 
section 8, The crude laevorotatory enantiomer (2 Е, Me р. 144? 
with decompn, [4120 -90.0°) was crystallized from ethyl ace- 
tate (35 com), Regular blocks n. p. 145°C with decompn, „ГАЈЕ = 
= -90.1°0 (с = 0.25, а = 4, K = -0.901°) in 96% ethanol. 
Yield 1 g. The laevarotatory enantiomer is readily soluble in 
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chloroform, fairly soluble in acetone and 96% ethanol and insol- 
uble in petroleum ether, 
Analysis: 
For the formula: 0598106958 (198.26) 1 
calculated: 54.52% C, 5.08% H; 
found: 54.594 C, 4.86% H. 


11. Amide of dextrorotatory benzylsulfinylacetic acid 13 


2 g (0.01 mole) of dextrorotatory acid 9 (m. p. 146°C with 
decompn, Ko- 789.50) was converted into its amide under the 
conditions described in section 3. The orude product (1 7 Bs 
m, p. 177°C, LX B 491.19) wae crystellized from a mixture of 
chloroform (210 com) and petroleum ether (600 com X Fine irreg- 
ular lumps n. р. 178°C, Po. 491,4? (o = 0.125, а= 4. Le 
= 40.457?) in 96% ethanol, The amide is readily soluble in chlo- 
roform, fairly soluble in acetone and methanol and insoluble in 
petroleum ether, 

Analysis: 
For the forma: OH, %s (197.27) : 
calculated: 7.10% №; 
found: 7.25% N. 


12. p-Bromophenacyl ester of dextrorotatory benzyl- 
sulfinylacetic acid 14 


1.2 в of dextrorotatory acid 9 (m, p. 146°C,[A = +89.5°) 
and 1,5 g of p-bromophemacyl bromide dissolved in 30 ccm of 
96% ethanol were converted into the ester under the condi- 
tions described in section 4, The crude product (2.7 g) was dis- 
solved in 35 com of chloroform. The solution was washed with 5% 
va co, solution (2 x 15 com) and water (2 x 20 com) and ar ter 
drying with anh, MgSO 4 it was treated with petroleum ether (90 oom). 
à fine orystelline precipitate soon seperated. It was filtered 
and was crystallized from a mixture of chloroform (20 ccm) and 
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petroleum etner (75 com). Fine needles m, p. 157°C 412-65. 7? 
( = 0.085, а = 4, K = 40.2195) in 96% ethanol, Yield 1 д. The 
ester is readily soluble in chloroform, fairly soluble in асе- 
tone and methanol and insoluble in petroleum ether, 
Analysis: 
For the formula: C,H, .Bro,s (395.27) : 
calculated: 51.66% С, 3.82% Нұ 
found: 51.39% C, 3.88% He 


13. p-Phenylphenacyl ester of dextrorotatory benzyl- 
sulfinylacetic acid 15 


1.2 g of dextrorotatory acid 9 (n. pe 146°C, KN +89.5°) 
and 1.3 g of pephenylphenacyl bromide dissolved in 35 ccm of 
96% ethanol was converted into the ester as in section 5. 
The product was dissolved in 40 ссп of chloroform. The solution 
was washed with 5% Na,CO, solution (2215 ccm) and then with water 
(2 x 20 cem) and after drying with anh. MgSO 4 it was treated with 
hot petroleum ether (100 cen). An amorphous precipitate soon sep- 
arated, It was filtered (1.4 =) and was crystallized from ethyl 
acetate (22 con), Plates m, p. 160°C, K- 480.8? (e = 0.0625, 
З = 4, Д= +0.202°) in 96% ethanol, Yield 1 д, The ester is read- 
ily soluble in chloroform, fairly soluble in acetone and insolu- 
ole in petroleum ether. 

Analysis: 
Рог the formula: С,.Н,0,5 (392.47) : 
calculated: 70.39% C, 5.14% Hj 
found: 70.61% C, 4.98% Н. 


14. p-Nitrobenzyl ester of dextrorotatory benzylsulfinyl- 
acetic acid 16 


5 g of dextrorotatory acid 9 (а. De 146 6, [A = +89.5°) 
was converted into its p-nitrobenzyl ester as in section 6. 
The product (2 g) was crystallized from 60% ethanol (40 com). 
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Plates me p. 104-105 90A e 45,5? (о = 0.5, d = 2, K 0.055) 
in 96% ethanol, Yield 1.5 g. Тһе ester is readily soluble in 
methanol and 96% ethanol. It is sparingly soluble in petroleum 
ether. 
Analysis: 
For the formula: C,H, NO,S (335.56) 
calculated: 4.20% N; 
found: 4.14% N. 


15. Benzylsulfonylacetic acid 17 


4 g (0.02 mole) of acid 2 was suspended in 10 com of wa- 
ter and the pH was adjusted to 12.0 with 5% NaOH. The solution 
of the sodium salt was heated on water bath and was treated in 
2 h intervals with five 2 com portions of 29% H 0,0 After the 
last portion the solution was allowed to stand for 24 hrs. at 
room temperature and was acidified to Congo with 10% hydrochlo- 
ric acid, An amorphous precipitate soon separated, It was fil- 
tered (3 g) and was crystallized from a mixture of chloroform 

10 ccm and petroleum ether (35 cen). Fine needles m. p. 139°C 
lit, 9 m. p. 137-138°C Yield 2 g. 

IR (em) з 680 УС-5у 760, 1070, 1120, 1140 60, -H (subst. 1); 
1460, 1500, 1565 VC, =С, $ 1145 `Үв50,} 1330 ass 920 


Аг Ах 
80H, 1225, 1320, 1428 SH and УС-0; 1700 V'O-O(COOR). 


16. Racemization of laevorotatory benzylsulfinylacetic acid 


Racemization of acid 11 was carried out in thermostated 
polarimetrio tubes (ultrathermostat UIP Kraków, temperature sen- 
sitivity range 20.03) (a = 0.5) fitted to Perkin-Elmer 241-MC 
polarimeter, The solvent was a mixture of dioxane and dil. HCl 
(211 v/v) (the acid was a mixt, 7:1 V/V conc, HC1/H,0, а -1. 15). 
The concentration of the optically active acid 11 was с = 0.5. 
The rotation angle & was determined every 300 sec immediately 
after dissolving acid 11 in the mixture of dioxane and dil. hy- 
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drochloric acid and filling the polarimetric tube with the 
solution. The measurements were carried out until the time when 
the initial value of the rotation angle K. decreased by 90%. 
Before the experiment the solvent and the polarimetric tube 
were heated to the racemization temperature. The racemization 
was studied at 12, 16, 20, 24 and 28°C. The polarimetric meas- 
urements were carried out using sodium light()= 589 nm). The 
compound recovered from the control solutions in dioxane and 
dil, hydrochloric acid after the complete disappearance of op- 
tical activity (i.e after the complete racemization of acid 11) 
was found to be, in every case, racemic acid 2, The calcula- 
tions of the racemization paramefers and experimental errors 


were carried out by means of a digital calculating machine 
ODRA-1013. 
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STRESZCZENIE 


Opisano syntezę 1 podstawowe własności kwasów benzylosulfi- 
nylo-i sulfonylo-octowych, Racemiczny sulfotlenek rozszczepiono 
w drodze krystalizacji frakcyjnej jego soli cynchonidynowej z 
octanu etylu na enancjomery.  Poszczególnym enancjomerom  przy- 
pisano względne konfiguracje przestrzenne, Zdefiniowano w - 
dzialnej części widma dyspersję rotacji optycznej prawoskretne- ` 
go antymeru, jego amidu oraz estrów: p-bromofenacylowego, p-fe- 
nylofenacylowego i p-nitrobenzylowego. Wyznaczono dwuczłonowe 
równania opisujące rotację optyczną prawoskretnego enancjomeru 
w widzialnej i nadfioletowej części widma, Określono stare race- - 
mizacji (K) oraz parametry aktywacji (Ea, AH* 1AS*)àla pro- 
cesu racemizacji lewoskretnego kwasu benzylosulfinylooctowego 
w oparciu o metody kinetyki klasycznej. 


РЕЗЮМЕ 


В данной работе описан синтез и основные свойства бензи- 
лсульфиныло и сульфонилоуксусных кислот. Рацемическую сульфо-' 
окись расцепливали путем фрэкционной кристаллизации 66 цинхо-. 
нидной соли из ацетата этила на оптических энантиомерах. Отдель- 
ным энантиомерам приписывают относительную пространственную 
конфигурацию. Определено в видимой части спектра дисперсию оп- 
тического вращения правопращающегося внтимера, его амида, 8 
также сложиых эфиров: п-бромофенацилового, п-фенилофенацилозо- 
TO и п-нитробензилового. Установлено двутермовые уравнения 
представляющие оптическое вращение правовращающегося энан?ио- 
мера в видимой и ультрафиолетовой части спектра. Определено 
постояннне рацемизации (К), а также параметры активации (Е a, 
АН# и AS*) для процесса рацемизации левовращающейся бензилосуль- 
финилоуксусной кислоты, опираясь на методы классической кине- 
тики. 
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